
US 2006004O274A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0040274 A1 

Tsinberg (43) Pub. Date: Feb. 23, 2006 

(54) MICROARRAYS UTILIZING HYDROGELS Publication Classification 

(51) Int. Cl. 
(75) Inventor: Pavel Tsinberg, Carlsbad, CA (US) C40B 40/08 (2006.01) 

C40B 50/18 (2006.01) 
(52) U.S. Cl. ............................................. 435/6; 435/287.2 

Correspondence Address: 
FITCH EVEN TABN AND FLANNERY (57) ABSTRACT 
120 SOUTH LASALLE STREET A method of making a microarray by coating a flat Substrate 
SUTE 1600 with a polymerizable hydrogel layer which contains anchor 
CHICAGO, IL 60603-3406 (US) ing moieties dispersed uniformly therethroughout. Follow 

ing curing, a continuous layer of uniform thickneSS is 
Securely attached to the upper Surface of the Substrate 

(73) Assignee: Biocept, Inc., San Diego, CA through an array region thereof. A plurality of different 
probes are then attached to create microSpots at distinct 
Spatial locations on the Surface of this slab layer by linking 

(21) Appl. No.: 10/922,391 the probes to the anchoring moieties in the cured hydrogel. 
Such anchoring moieties may employ linking Systems Such 
as organic chelators, that are activated by copper or Some 

(22) Filed: Aug. 19, 2004 other metal, and complementary pairs Such as avidin-biotin. 



US 2006/004O274 A1 

MICROARRAYS UTILIZING HYDROGELS 

FIELD OF THE INVENTION 

0001. The present invention relates generally to methods 
for fabricating microarrays and the resulting products, and 
more particularly to methods for fabricating microarrayS 
upon a Suitable Substrate or chip by Substantially uniformly 
coating a region of Such Substrate with a polymerizable 
hydrogel layer. 

BACKGROUND OF THE INVENTION 

0002 Microarrays are used in bioassaying for the pres 
ence and/or quantitative amount of a target material in a 
biological Sample, they constitute a growing field that is 
Sometimes referred as Surface-based assays wherein the 
target material, or a molecule representative of Such, is 
captured on a solid support and then detected. Such DNA 
microarrays have now become widely accepted for the Study 
of gene expression and other genotyping functions as a 
result of their capacity to Simultaneously monitor a large 
number of genes. For example, a large number of different 
probe Sequences can be bound at distinct Spatial locations or 
microSpots acroSS a microarray Surface, and each Such 
microSpot may contain a different probe. When Such a 
microarray is hybridized with a Solution containing labeled 
Sample material, hybridization occurs between complimen 
tary DNA strands at the various different microspots of the 
array whenever the target is present. After washing to 
remove unbound material, the character of the labels, e.g., 
fluorescent, is then used to determine the intensity of labeled 
material at each microSpot; this imaging can provide a 
measure of the quantitative amount of the particular target 
that was present in the Sample. 

0.003 Such arrays have also been fabricated to present 
other moieties, Such as proteins including antibodies, and 
haptens or aptamers, for binding to target materials. These 
surface-based assays can also be used for ELISAS. Overall, 
the use of Such microassay chips has been replacing gel 
electrophoresis as the method of choice for bioassaying, and 
this trend is believed very likely to continue as the field of 
proteomics becomes more advanced. 

0004 For a microassay chip to be effective for such 
bioassay applications, it should have the ability to immobi 
lize a Satisfactory amount of analyte or target material to be 
Sequestered from a relevant Sample; it is in this manner that 
a signal of Satisfactory magnitude is provided when the chip 
is Subjected to Subsequent reading. The chip, of course, 
should also be capable of being fabricated So as to be highly 
uniform, in order to produce reproducible results from assay 
to assay. 

0005. Many microarray chips have been developed in the 
past decade where probes have been immobilized on a 
modified glass Substrate, a Silicon Substrate, or the like, at 
distinct spatial locations, to create an array which presents a 
large number of different probes. Initially microarrays were 
developed as a two-dimensional form wherein probes were 
directly bound on the surface on the substrate. More recently 
three-dimensional microarrays have been developed using 
hydrogel materials wherein the microSpots may resemble 
minute hemispheres, the porous Structures of which present 
a three-dimensional framework or matrix. Microarrays of 
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this type are described in U.S. Pat. No. 6,174,683 and in 
published International Application WO 02/059372. 
0006 U.S. published application 2003/0124371 discloses 
the use of water-swellable hydrophilic hydrogels which are 
considered to be particularly useful for immobilizing 
polypeptide analytes onto an absorbent layer, which layer is 
engineered by varying the ratio of hydrophilic moieties and 
hydrophobic moieties in the hydrogel. The hydrophilic and 
hydrophobic monomers which make up the hydrogel are 
croSS-linked to create a desired polymer. AS an example, an 
aluminum Substrate is coated with Silicon dioxide and then 
treated with an alkylsilane before the monomers are applied 
to a plurality of addressable locations (microspots) and then 
cross-linked by radiation. Probes are added to each 
microSpot on the chip, using a binding buffer, and the loaded 
chip is incubated for thirty minutes. Washing then readies 
the chip for use in an assay. 
0007 U.S. published application 2003/0138649 teaches 
the fabrication of microarrays particularly Suited for attach 
ing proteins which will Serve as probes or capture agents 
using a gelatin-based Substrate. A Suitable Substrate Such as 
glass or Silicon or photographic paper is coated with a 
Solution of type IV gelatin; for example, gelatins were 
coated onto reflective photographic paper and then chill-set 
and dried. The plates having the overall gelatin coating are 
then microSpotted to attach bi-functional compounds, e.g. 
goat anti-mouse antibody IgG, which has a group that will 
link to the gelatin and a Second functional group that is 
capable of interacting with high Specificity with a protein. In 
a related U.S. published application, No. 2003/0170474, a 
Silicon wafer or glass plate is treated first with an alkylsilane 
and then dipped in a Solution of gelatin. The gelatin-coated 
Substrate is then dipped in a Solution of polyethyleneimine 
(PEI). The surface was reported to have a relatively low 
nonspecific binding capacity for proteins and that it could be 
used as a microarray Substrate by affixing protein capture 
agents at microSpots Spaced across the Surface. 
0008 U.S. published application 2003/0096257 teaches 
the making of DNA chips by coating a glass slide with an 
aminoalkylsilane and then attaching vinylsulfonyl groups 
acroSS the entire Surface by bonding to the amino groupS. 
Oligonucleotides with linkers were then spotted onto the 
reactive plate and Suitably incubated to Secure the linkage to 
produce a DNA chip useful for a hybridization analysis. 
0009. Although there may be various advantages to these 
methods of making of biochips or the like, each of them is 
not without its disadvantages. Accordingly, the Search has 
continued for still better methods for the fabrication of Such 
microarrays with emphasis often being concentrated on the 
employment of hydrogels in Such microarrayS. 

SUMMARY OF THE INVENTION 

0010. It has now been found that microarrays can be 
fabricated by providing a Substrate, the upper Surface of 
which is functionalized with organic molecules, and coating 
that Surface with a polymerizable hydrogel layer which 
contains anchoring moieties disbursed uniformly throughout 
So as to cover a continuous region of the Surface that will 
Serve as a microarray. After curing the coated Substrate So as 
to polymerize the coated hydrogel layer, a variety of differ 
ent probes are attached at distinct spatial locations on the 
Surface to form microSpots, by linking the probes to the 
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anchoring moieties that are present in the cured hydrogel 
layer. If desired, the areas Surrounding the microSpots can be 
passivated. However, when the hydrogel is based upon PEG 
or PPG (or a copolymer thereof) and a polyisocyanate cross 
linker, and when the anchoring moieties being used are 
organic chelators, nonspecific binding should not be high So 
passivation may not be felt to be needed. 
0011. In one particular aspect, the invention provides a 
method of making a microarray, which method comprises 
the Steps of providing a Substrate having an upper Surface 
that is functionalized with organic molecules, coating Said 
Surface with a polymerizable hydrogel layer So as to com 
pletely cover an array region of the Surface, Said layer 
including anchoring moieties dispersed uniformly there 
throughout, curing Said coated Substrate to polymerize said 
hydrogel layer, and Subsequently attaching a plurality of 
different probes to Said coated Surface at distinct spatial 
locations thereon by linking Said probes to Said anchoring 
moieties which are present within Said cured hydrogel layer. 
0012. In another particular aspect, the invention provides 
a microarray which comprises: a Substrate having an upper 
Surface that is functionalized with organic molecules, a 
polymerized hydrogel layer completely covering an array 
region of Said Surface, Said layer including anchoring moi 
eties dispersed uniformly therethroughout, and a plurality of 
different probes attached to Said hydrogel coating layer on 
Said Surface at distinct Spatial locations thereon, Said probes 
being linked to Said anchoring moieties in Said polymerized 
hydrogel layer and regions of Said coating layer Surrounding 
Said locations being essentially free from probes. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0013 A substrate is used in the form of a flat plate or the 
like which can be made of any Suitable material commonly 
used in a chemical laboratory; examples include, glass, 
quartz, Silicon, Silica, Stainless Steel and inert polymers, Such 
as polyethylenes, polypropylenes, polyacrylics, polycarbon 
ates and the like, as well known in the art. The plate may be 
optionally coated with a reflective layer, as also well known 
in this art. The reflective layer should preferably cover 
substantially all of the surface region of the substrate where 
the probes will be attached, i.e. the array region; however, 
often a reflective coating that covers the entire upper Surface 
of the Substrate is used for manufacturing convenience. The 
reflective layer may be a reflective metal, e.g., aluminum, 
Silver, gold, rhodium etc., which provides a mirrored layer. 
By reflective metal is meant a metal that reflects at least 90% 
of incident light in the wavelength region of interest, gen 
erally visible (400-800 nm), and possibly including longer 
wavelengths in the near infrared, such as 800-1100 nm, with 
very little (at or near 0%) light being refracted into the 
medium. Such a thin metal layer may be provided using any 
of the conventional vapor coating or other coating methods 
well known in the art for providing Such mirror coatings. 
The thickness of the layer is not of particular consequence 
So long as there is continuity, but a layer about 0.01 micron 
to about 15 microns thick is generally used when Such a 
layer is included. 
0.014 When the Substrate is used to create microarrays to 
be employed in microassays that employ labels or tags 
which emit light either spontaneously or in response to 
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excitation, for example, fluorescent, luminescent or phos 
phorescent labels, light emitted from these various labels 
will have a known wavelength. Pending U.S. application 
Ser. No. 10/664.248, filed Sep. 16, 2003, the disclosure of 
which is incorporated herein by reference, teaches that 
background artifact emissions at the location of a microSpot 
or other Such probe location can be very Substantially 
reduced by employing a dielectric layer atop the reflective 
metal layer which yields Substantial cancellation of certain 
wavelengths. Transparent dielectric layers made of materi 
als, Such as Silicon monoxide and/or Silicon dioxide, may be 
employed which will normally range in thickness between 
about 0.1 and about 5 microns. If the upper surface of the 
Substrate is uniformly coated with Such a thin, metallic, 
mirrored layer, then the entire upper Surface is preferably 
coated with this uniform dielectric layer. The deposition of 
Such very thin dielectric films of Silica, alumina, magnesium 
fluoride or the like from a vapor atmosphere is well known 
in the art. 

0015. Once such a thin dielectric layer is in place, the 
upper Surface of the dielectric layer is preferably treated 
chemically to promote Strong attachment of the hydrogel 
that will be used to provide the array of probes or capture 
agents. The dielectric Surface is preferably derivatized with 
a Suitable reagent, Such as PEI, polylysine or an aminoalkyl 
Silane, that will cover the entire Surface with pendent amino 
groups that then can be used for Strong attachment of 
reactive molecules, as is also well known in this art. 
Examples of Such Silane coupling agents include aminopro 
pyltriethoxysilane, N-B-(aminoethyl)-O-aminopropyltri 
methoxysilane, and N-f-(aminoethyl)-O-aminopropylmeth 
yldimethoxysilane. 

0016 Microarrays where three-dimensional microspots 
of hydrogels are employed to Serve as holders for the probes 
or capture agents are described in U.S. Pat. No. 6,174,683 
and in published international applications WO 09/059,372, 
entitled “Three Dimensional Format Biochips', and WO 
02/081662, entitled “Methods and Gel Compositions For 
Encapsulating Living Cells and Organic Molecules”. 
0017. A polymerizable hydrogel coating of choice is 
preferably one made using isocyanate-functional prepoly 
mers that are prepared from relatively high molecular weight 
polyoxyalkylene diols or polyols by reacting them with 
difunctional and/or polyfunctional isocyanate compounds. 
Preferred prepolymers are ones made from polyoxyalkylene 
diols or polyols that comprise homopolymers of ethylene 
oxide units or block or random copolymers containing 
mixtures of ethylene oxide units and propylene oxide or 
butylene oxide units. In the case of Such block or random 
copolymers, at least 75% of the units are preferably ethylene 
oxide units. Such polyoxyalkylene diol or polyol molecular 
weight is preferably from 500 to 30,000 daltons, and in some 
instances, a molecular weight of at least about 5,000 daltons 
is more prefered. Suitable prepolymerS may be prepared by 
reacting Selected polyoxyalkylene diols or polyols with a 
polyisocyanate So that essentially all of the hydroxyl groups 
are capped with polyisocyanate, as described in more detail 
hereinafter. Generally, polyethylene glycol (PEG), polypro 
pylene glycol (PPG) or copolymers thereof are preferred. 
The isocyanate-functional prepolymers preferably contain 
active isocyanates in an amount of about 0.1 med/g to about 
1 med/g, and more preferably about 0.2 med/g to about 0.8 
med/g. If relatively low molecular weight prepolymers, e.g. 
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less than 2,000 daltons, are used, they preferably contain a 
relatively high isocyanate content (about 1 med/g or even 
higher). However, the polymerization rate of Such Smaller 
prepolymerS may require more precise control to avoid too 
rapid polymerization. Moreover, prepolymers with a fairly 
high isocyanate content may have a relatively high content 
of free amines after polymerization, and the positive charges 
on Such amine functionalities, at neutral pH, may increase 
non-specific binding of negatively charged biomolecules 
with the potential of resulting in higher levels of undesirable 
background Signals. Thus, higher molecular weight prepoly 
mers which contain a relatively low isocyanate content may 
generally be preferred. 
0.018. Such high molecular weight prepolymers are often 
prepared by either of two general methods, but others as 
known in the art can also be used: (1) a polyol (triol or 
higher) having a molecular weight of at least 2000 daltons, 
is reacted with a polyisocyanate Such as isophorone diiso 
cyanate, or (2) a diol having a molecular weight of at least 
2000 daltons is reacted with a polyisocyanate and a croSS 
linking agent, Such as glycerol, trimethylolpropane, trim 
ethylolethane, triethanolamine or an organic triamine. 
0.019 Aromatic, aliphatic or cycloaliphatic polyisocyan 
ates may be used. High molecular weight aliphatic isocy 
anate-capped prepolymers typically gel to a hydrated poly 
mer state in about 20 to 90 minutes, whereas prepolymers 
capped with aromatic polyisocyanates gel much more rap 
idly. Examples of Suitable bi- and multi-functional isocyan 
ates are as follows: 4,4'-methylenebis-(phyenyl isocyanate) 
(MDI), toluene-2,4-diisocyanate, toluene-2,6-diisocyanate 
(a mixture of which isomers is commercially sold as TDI), 
isophorone diisocyanate, ethylene diisocyanate, ethylidene 
diisocyanate, propylene-1,2-diisocyanate, cyclobeXylene-1, 
2-diisocyanate, cyclohexylene-1,4-diisocyanate, phenylene 
diisocyanate, 3,3'-diphenyl-4,4'-biphenylene diisocyanate, 
1,6-hexamethylene diisocyanate, 1,4-tetramethylene diiso 
cyanate, 1,10-decamethylene diisocyanate, cumene-2,4-di 
isocyanate, 1,5-naphthalene diisocyanate, methylene dicy 
clohexyl diisocyanate, 1,4-cyclohexylene diisocyanate, 
p-tetramethyl Xylylene diisocyanate, p-phenylene diisocy 
anate, 4-methoxy-1,3-phenylene diisocyanate, 4-chloro-1,3- 
phenylene diisocyanate, 4-bromo-1,3-phenylene diisocyan 
ate, 4-ethoxyl-1,3-phenylene diisocyanate, 2,4-dimethyl-1, 
3-phenylene diisocyanate, 2,4-dimethyl-1,3-phenylene 
diisocyanate, 5,6-dimethyl-1,3-phenylene diisocyanate, 1,4- 
diisocyanatodiphenylether, 4,4'-diisocyanatodi-phenylether, 
benzidine diisocyanate, 4,6-dimethyl-1,3-phenylene diiso 
cyanate, 9,10-anthracene diisocyanate, 4,4'-diisocyanatodi 
benzyl, 3,3'-dimethyl-4,4'-diisocyanatodiphenylmethane, 
1,6-dimethyl-4,4'-diisocyanatodiphenyl, 2,4-diisocyana 
toStilbene, 3,3'-dimethoxy-4,4'-diisocyanatodiphenyl, 1,4- 
antracenediisocyanate, 2,5-fluoronediisocyanate, 1,8-naph 
thalene diisocyanate, 2,6-diisocyanatobenzluran, 2,4,6- 
toluene triisocyanate, p.p'p"-triphenylmethane 
triisocyanate, trifunctional trimer (isocyanurate) of isophor 
one diisocyanate, trifunctional biuret of hexamethylene 
diisocyanate, trifunctional trimer (isocyanurate) of hexam 
ethylene diisocyanate, polymeric 4,4'-diphenylmethane 
diisocyanate, Xylylene diisocyanate and m-tetramethyl 
Xylylene diisocyanate. 

0020 Capping of the selected diols or polyols with 
polyisocyanates to form prepolymerS may be effected using 
Stoichiometric amounts of reactants. The isocyanate-to-hy 
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droxyl group ratio may vary as known in this art but should 
preferably be about 1 to about 3, and more preferably about 
1.2 to about 2.2. The capping reaction may be carried out 
using any Suitable conditions, Such as at about 20° C. to 
about 150° C., under dry nitrogen, for about 2 hours to about 
14 days, and preferably in the absence of a catalyst. The 
preferred temperature is about 60° C. to 100 C., and the 
reaction terminates when the isocyanate concentration 
approximates theoretical values. 
0021 Preferred prepolymers include polyethylene glycol 
that is end-capped with toluene diisocyanate, a copolymer of 
ethylene oxide and propylene oxide (optionally with trim 
ethylolpropane) and toluene diisocyanate, toluene diisocy 
anate-polyethylene glycol-trimethylopropane, methylene 
diisocyanate-methylene homopolymer, polymeric methyl 
ene diisocyanate-polyethylene glycol, polymer of ethylene 
oxide-propylene oxide-trimethylolpropane and isophorone 
diisocyanate, and polyethylene glycol trilactate and toluene 
diisocyanate. Suitable prepolymers of the above types are 
available from Dow Chemical Company as HYPOL 
PreMACR) G-50, HYPOL(R) 2000, HYPOL(R) 3000, HYPOL(R) 
4000 and HYPOL(R) 5000, which formulations generally 
include copolymers of polyethylene oxide and a minor 
amount of polypropylene oxide. Others are available under 
the trademark Urepol from EnviroChem Technologies, and 
comparable prepolymers can be prepared from commer 
cially available feedstockS. 

0022 All things considered, the main chain of the hydro 
gel polymer is preferably comprised of polyethylene glycol, 
polypropylene glycol, or a copolymer of polyethylene glycol 
and polypropylene glycol. Non-ionic, hydrophilic properties 
of polyethylene glycol and polypropylene glycol hydrogels 
provide for low levels of non-specific binding of analyte to 
the hydrogel and also provide good compatibility with 
biomolecules that may be immobilized therewith so as to 
maintain native conformation and bioreactivity thereof. 
Polyurethane-based isocyanate-functional hydrogels of this 
general type are described in U.S. Pat. No. 3,939,123 
(Mathews, et al.), U.S. Pat. No. 4,110,286 (Vandegaer, et al.) 
and U.S. Pat. No. 4,098,645 (Hartdegan, et al.). 
0023. In a preferred embodiment, Substrates for microar 
rays are made using an isocyanate-functional hydrogel that 
is based on a diol or triol of a high molecular weight 
polyethylene oxide, polypropylene oxide, or a copolymer of 
polyethylene oxide and polypropylene oxide, capped with 
water-active diisocyanates, and which may be optionally 
lightly crosslinked with a Suitable crosslinker. AS earlier 
indicated, it is preferred that the quantity of active isocyan 
ates present in the prepolymer is preferably between about 
0.1 and about 1 med/g. Generally preferred diisocyanates 
include the aromatic-based diisocyanates, toluene diisocy 
anate (TDI) and methylene diphenyl-isocyanate (MDI) and 
the aliphatic diisocyanate, isophorone diisocyanate. About 
0.01% to about 15% of the reactive isocyanates in the 
prepolymer are generally employed to bind the coating to 
the Substrate, which leaves ample Sites for immobilizing 
anchoring entities. The prepolymer may be preformulated in 
a water-miscible organic Solvent, and polymerization gen 
erally takes place by the formation of urea linkages which 
occur upon the simple addition of water. 
0024. The hydrogel coating that is applied contains 
anchoring moieties dispersed uniformly throughout, which 
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moieties are used to either directly or indirectly anchor the 
probes as part of a microarray. They may be dissolved in 
aqueous Solution and mixed with a prepolymer to begin the 
polymerization reaction. Examples of Suitable anchoring 
moieties include organic chelators and organic linkers, 
which may be one-half of a pair of complementary linkers, 
such as streptavidin and biotin, the other member of which 
pair is then attached to the probe of interest. When organic 
chelators are mixed as one component of the polymerizable 
layer (thus becoming dispersed uniformly throughout the 
cured layer), following its curing, the coating is treated with 
water-Soluble metal ions in aqueous Solution So that metal 
cations become bound to the organic chelators, usually at 3 
or 4 points. When this System is used, the probes are 
likewise attached to organic molecules that will complex 
with these metal ions which have now activated the chela 
tors in the cured coating layer. 

0.025 The thickness of the cured hydrogel layer or slab 
may vary from about 1 micron to about 1000 microns; it is 
preferably at least about 5 microns thick. For example, when 
tridentate or tetradentate organic chelators, Such as imino 
diacetic acid (IDA) or nitrilotriacetic acid (NTA), are 
employed, they may be included in the coating composition 
at a concentration of between about 50 mM and about 1 mM 
So that will be an adequate amount of these anchoring 
moieties distributed uniformly throughout the entire coating 
layer that will cover the region of the array. 

0026. Once the hydrogel layer or slab has been applied, 
it is allowed to cure until the formulation is essentially fully 
crosslinked. Because application and curing can be carried 
out under closed conditions, problems with Solvent evapo 
ration may be essentially eliminated (as opposed to a situ 
ation wherein one would deposit microSpots in a regular 
pattern on a flat plate); thus, a broader range of Solvents and 
hydrogel formulations are available without encountering 
environmental or other fabrication difficulties. Likewise, 
there should be very little variability between coated plates, 
because the casting/molding/coating Step can be made 
extremely uniform, and because a large number of plates can 
be coated at once, many limitations inherent in mechanical 
Spotting are likewise obviated. 

0027. Once the slide has been fully cured, i.e., the 
crosslinking having been essentially completed, it is washed 
to remove any organic chelators or other organic linkers that 
have not been bound to the hydrogel and also to remove the 
Solvents used in formulating and/or applying the coating 
composition. When the anchoring moieties are organic 
chelators, the coated Substrates may be incubated with 
Solutions of, for example, copper nitrate or nickel nitrate. AS 
a result, copper or nickel ions from Such a Solution become 
bound to the chelators, which is referred to in the art as 
activating the chelators. The coated Substrates can then be 
optionally dried and Stored for an indefinite period of time. 
If Such drying is effected, rehydration of all of the coating or 
at least those regions where microSpots will be located is 
preferably carried out before or as the microarray is being 
created. 

0028 Biological materials that are employed as capture 
agents or probes can be any of a wide variety well known in 
this art. They may run the gamut from DNA sequences and 
peptides through much larger molecules, Such as antibodies, 
even living cells may be attached at distinct Spatial locations 
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to the porous hydrogel using appropriate complementary 
linkers. May other Such binding pairs are disclosed in the 
aforementioned patents and published international applica 
tions in addition to the chelators and biotin-avidin men 
tioned herein. 

0029. In an usual assay, the microarray is exposed to a 
Solution, usually aqueous, containing a Sample of biological 
material under hybridization/binding conditions, the Solu 
tion contains potential targets which have been tagged or 
labeled, either with a reporter or Signal material or with a 
linker that will Subsequently Sequester a reporter material, 
and incubated. Label or tag is used to refer to a Substituent 
that can be attached to a target, e.g., a nucleic acid Sequence, 
which enables its detection and/or quantitation. Examples 
include radiolabels such as p, p, and S; colorimetric 
indicators, Such as fluorescent, chemiluminescent or colored 
compounds, ligands Such as biotin; and chemical groups that 
are distinguishable by mass or other spectroscopic proper 
ties. More specific examples of Suitable labels include 
Xanthine dyes, rhodamine dyes, naphtylamines, benzoxadia 
Zoles, Stilbenes, pyrenes, acridines, Cyanine 3 (Cy-3) and 
Cyanine 5 (Cy-5). When the target is nucleic acid, a label is 
preferably introduced into analyte nucleic acid by incorpo 
ration directly as a part of a primer; however, indirect 
addition by chemical reaction or, enzymatic reaction, or by 
hybridization or annealing of a label with an intermediate 
ligand may also be used. For Simplicity and efficiency, it 
may be preferred to Simply employ light-emitting labels of 
the fluorescent, luminescent or phosphorescent variety in the 
analyte Sample to be used in the hybridization Step. Although 
binding pairs, Such as avidin-biotin, may be used to Subse 
quently add labels, these Substrates may provide particular 
advantages to create microarrays for use in assays where 
labels are already covalently bonded to the target biological 
material in the Sample Solution being used in the incubation 
Step. Fluorescent labels Such as Cy-3 and Cy-5 are examples 
of Such labels commonly employed. 
0030. Following the incubation of the microarray with a 
Sample Solution over a Suitable period, Washing is carried 
out, usually repeatedly, as is well known and common in this 
art; then the microarray is usually dried before being Sub 
jected to imaging. When labels are used that emit light, 
either Spontaneously or when Stimulated, there are numerous 
commercially available photometers that may be employed 
for imaging. For example, U.S. Pat. No. 5,672,880 discloses 
a fluorescence imaging System which collects the emitted 
fluorescent light and directs the collected light onto a 
photodetector to produce a Signal, using a laser beam to 
stimulate the fluorescence. Published U.S. Application 2002/ 
01.09841 discloses a scanning spectrophotometer for high 
throughput fluorescence detection, wherein the light is col 
lected and transmitted to a photomultiplier tube (PMT) that 
feeds Signals to a processing unit. 
0031. The following Examples are presented to provide 
the best mode presently known for carrying out the inven 
tion; however, it should be understood that these Examples 
are presented for purposes of illustration only and should not 
considered to be in any way limiting upon the Scope of the 
invention which is defined by the claims that appear at the 
end hereof. 

EXAMPLE 1. 

0032. A standard laboratory glass slide coated with a thin 
layer of Silicon oxide atop a reflective aluminum layer is 



US 2006/004O274 A1 

used, and it is coated with a continuous layer of a hydrogel 
prepolymer Solution that has anchoring moieties dispersed 
throughout. Solution A is prepared by mixing 0.075 g of 
Hypol PreMa G-50 (Dow Chemical Company) and a solu 
tion of 0.225 g of acetonitrile and 0.225 g of N-methyl-2- 
pyrrollidone. Solution B is prepared as 0.5 uM derivatized 
NTA chelator in 50 mM aqueous borate buffer at pH 8.2. 
This chelator has a primary amine that covalently binds in 
the crosslinked hydrogel. About 200 it of Solution A is then 
mixed with 50 till of Solution B causing polymerization to 
begin, and the resulting composition is coated onto the 
amine-treated glass Slides. The hydrogel coating containing 
the chelator is carefully polymerized in a humidity box, at 
about 95% RH and room temperature, to avoid dehydration. 
This formulation polymerizes within about 2 hours at room 
temperature. After curing, the hydrogel slab is about 50 
microns thick, and it is physically stable and Strongly 
attached to the glass Slide. The cured slide is then treated 
with an aqueous Solution containing copper nitrate at a 
concentration at about 50 uM for 2 hours at room tempera 
ture to allow copper cations to be sequestered by the chelator 
molecules that are dispersed uniformly throughout the 
porous hydrogel slab. Following activation of the chelators 
in this manner, the slide is washed with 50 iMacetic acid 
solution containing 0.1 M KNO (pH 4) for 1 hour and then 
rinsed with deionized HO. It is then dried to prepare it for 
microSpotting to create a test microarray. 
0.033 Microspotting is carried out to create a regular 
pattern of microspots on the surface of the activated hydro 
gel Slab using 5 microliter glass microcapillary tubes. For 
test purposes, the tubes each contain green fluorescence 
protein to Simulate probes, which are tagged with histidine 
rich peptides that complex with the copper. The microSpot 
ted Surface is allowed to incubate at room temperature for 
about 2 hours to effect attachment of these probes in this 
regular pattern of microSpots acroSS the Surface of the cured 
hydrogel slab. 

0034. The microarrays are washed to remove any excess 
probe and then Scanned with a charge coupled camera. 
Imaging ShowS uniformly lighted microSpots in a regular 
pattern acroSS the array Surface, with no significant fluores 
cence emanating from the regions between the microSpots, 
this indicates that non-Specific binding to the hydrogel slab 
is not a problem and that the substrates are well-suited for 
the fabrication of highly Sensitive microarrayS. 

EXAMPLE 2 

0035. The procedure set forth in Example 1 is repeated 
using a similar isocyanate-capped polyurethane prepolymer. 
However, this time solution B is prepared by as a 0.5 mM 
solution of streptavidin in 50 mM aqueous borate buffer at 
pH 8.2. Again, about 200 ul of Solution A is mixed with 50 
till of Solution B, and the resulting composition is coated as 
a continuous layer onto the amine-treated glass Slides and 
allowed to polymerize as previously described. 
0.036 Following curing, microspotting is carried out to 
create a microarray in the form of a regular pattern of 
microSpots on the Surface of the hydrogel Slab, again using 
5 microliter glass microcapillary tubes. For this test, the 
tubes each contain biotinlayted antibody for prostate-spe 
cific antigen (PSA) to be used as probes, as well known in 
this art. The microSpotted Surface is allowed to incubate at 
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25 C. for about 60 minutes to effect biotin-avidin attach 
ment of these probes in a regular pattern acroSS the Surface 
of the cured hydrogel slab. 
0037. The microarrays are washed to remove any excess 
probe and then Subjected to hybridization with an aqueous 
solution of PSA that is labeled with Cy-3 as a test target 
material; the labeled PSA selectively binds with the probes. 
Following incubation for about 60 minutes at 25 C., the 
array is washed and then imaged to obtain a fluorescent 
image of the Surface of the microarray using a laser Scanner 
(Scan Array(R) Lite, PerkinElmer). Imaging shows uniformly 
lighted microSpots in a regular pattern acroSS the array 
Surface, with no significant fluorescence emanating from the 
regions between the microSpots; this indicates that non 
Specific binding to the hydrogel Slab is not a problem and 
that the Substrates are well-suited for the fabrication of 
highly Sensitive microarrayS. 
0038. It can be thus be seen that the employment of 
Substrates having Such a continuous slab of hydrogel can 
Substantially increase the efficiency with which a microarray 
can be fabricated using the anchoring moieties uniformly 
dispersed throughout. 

0039. Although the invention has been described with 
regard to certain preferred embodiments, it should be under 
Stand that various changes and modifications as would be 
obvious to one having ordinary skill in this art can be made 
without departing from the Scope of this invention which is 
set forth in the claims appended hereto. The disclosures of 
all U.S. patents and published patent applications Set forth 
hereinbefore are expressly incorporated herein by reference. 
0040 Particular features of the invention are emphasized 
in claims which follow. 

1. A method of making a microarray, which method 
comprises the Steps of: 

providing a Substrate having an upper Surface that is 
functionalized with organic molecules, 

coating Said Surface with a polymerizable hydrogel layer 
So as to completely cover an array region of the Surface, 
Said layer including anchoring moieties dispersed uni 
formly therethroughout, 

curing Said coated Substrate to polymerize Said hydrogel 
layer, and 

Subsequently attaching a plurality of different probes to 
Said coated Surface at distinct spatial locations thereon 
by linking Said probes to Said anchoring moieties which 
are present within Said cured hydrogel layer. 

2. The method according to claim 1 wherein Said anchor 
ing moieties are organic chelators which are admixed with 
the components of Said polymerizable layer. 

3. The method according to claim 2 wherein, following 
Said curing Step, Said chelators are treated with water-Soluble 
metal ions in aqueous Solution to activate Said chelators. 

4. The method according to claim 3 wherein said probes 
are molecules that have been derivatized with compounds 
that bind Strongly to Said metal ions. 

5. The method according to claim 3 wherein said probes 
are derivitized with histidine-rich peptides. 
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6. The method according to claim 1 wherein Said probes 
are derivatized with a complementary linker that binds 
directly to Said anchoring moieties during Said attaching 
Step. 

7. The method according to claim 6 wherein said linkers 
and Said anchoring moieties are biotin and Streptavidin, 
respectively. 

8-9. (canceled) 
10. The method according to claim 9 wherein said poly 

merizable hydrogel includes an aliphatic or aromatic poly 
isocyanate. 

11. The method according to claim 9 wherein said coated 
Substrate is dried following Said curing and is then rehy 
drated at Said locations where Said probes are to be attached. 

12. A microarray which comprises: 
a Substrate having an upper Surface that is functionalized 

with organic molecules, 
a polymerized hydrogel layer completely covering an 

array region of Said Surface, Said layer including 
anchoring moieties dispersed uniformly therethrough 
out, and 

a plurality of different probes attached to Said hydrogel 
cover layer on Said Surface at distinct spatial locations 
thereon, 

Said probes being linked to Said anchoring moieties in Said 
polymerized hydrogel layer, and regions of Said cover 
layer Surrounding Said locations being essentially free 
from probes. 

13. The microarray according to claim 12 wherein Said 
anchoring moieties are organic chelators which are activated 
with metal ions. 

14. The microarray according to claim 13 wherein Said 
probes are derivatized with histidine-rich peptides. 

15. The microarray according to claim 12 wherein Said 
probes are derivatized with a complementary linker that 
binds directly to Said anchoring moieties. 
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16. The microarray according to claim 15 wherein Said 
probes are biotinylated and Said anchoring moieties are 
Streptavidin. 

17. The microarray according to claim 12 wherein Said 
polymerized hydrogel comprises PEG or PPG or a copoly 
mer thereof. 

18. The microarray according to claim 17 wherein said 
polymerized hydrogel includes a polyisocyanate croSSlinker. 

19. A microarray which comprises: 
a Solid, flat Substrate having an upper Surface that is 

functionalized with organic molecules, 
a polymerized hydrogel layer completely covering an 

array region of Said Surface, Said layer including 
anchoring moieties dispersed uniformly therethrough 
out, said hydrogel comprising (a) PEG or PPG or a 
copolymer thereof of a molecular weight between 
about 500 and about 30,000 daltons and (b) difunc 
tional and/or polyfunctional isocyanates, and 

a plurality of different probes attached at distinct spatial 
locations to Said hydrogel layer covering Said upper 
Surface to create a plurality of microSpots, 

Said probes being linked to Said anchoring moieties in Said 
polymerized hydrogel layer, and regions Surrounding 
Said microSpots being essentially free from probes. 

20. The microarray according to claim 19 wherein said 
anchoring moieties are organic chelators or Streptavidin. 

21. The microarray according to claim 19 wherein Said 
PEG or PPG or copolymer thereof has a molecular weight of 
at least about 5.000 daltons. 

22. The microarray according to claim 12 wherein Said 
polymerized hydrogel layer comprises a reaction product of 
(a) PEG or PPG or copolymer thereof having a molecular 
weight between about 5,000 and about 30,000 daltons and 
(b) difunctional and/or polyfunctional isocyanates. 
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